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YHUWLFDOORFDWLRQRIWKHFDWHQDU\ZLUHV0LNKHHY$WYHKLFOHPRYHPHQWLWVKRXOGEHHQVXUHGWKHUHOLDEOHFRQWDFW
EHWZHHQWKHSDQWRJUDSKUXQQHUVVNLDQGWKHFDWHQDU\ZLUHIRULWVGLIIHUHQWKHLJKWSRVLWLRQ%HO\DHY
7KH TXDOLW\ RI WKH SDQWRJUDSKFDWHQDU\ZLUH FRQWDFW LV RI JUHDW LPSRUWDQFH IRU WKH FXUUHQW FROOHFWLRQ SURFHVV
'HXW]HU7HFKQLVFKH.RKOHFRPSDQ\'7.FDUULHGRXWWKHFRQWDFWSUHVVLQJIRUFHPHDVXUHPHQWVLQRUGHUWRGHWHUPLQH
WKHUHDVRQVIRUWKHFRQWDFWTXDOLW\GHFUHDVHDQGIRUWDNLQJDSSURSULDWHPHDVXUHVWRLPSURYHLW'HXW]HU
7KHUHVXOWVVKRZHGWKDWWKHSRRUPHFKDQLFDOFRQWDFWFDQOHDGWRWKHHOHFWULFDUFDSSHDULQJDQGVWURQJZHDURIWKH
FDWHQDU\ZLUHDVDUHVXOW(YHQLQWKHFDVHZKHQDQHOHFWULFDODUFGRHVQRWDSSHDUWKHLQVXIILFLHQWSUHVVLQJIRUFHFDXVHV
DQXQHYHQILWRIFDUERQLQVHUWVWRWKHZLUHWKHGHQVLW\RIFXUUHQWLQWKHFRQWDFWORFDODUHDVLQFUHDVHVVXIILFLHQWO\DQG
FDXVHVWKHIDFWRIWKHFDWHQDU\ZLUHPHOWLQJE\KHDWLQJDQGDVDUHVXOWWKHZLUHPDWHULDOFDQIDOORQWKHFDUURRIRURQ
WKHVHFRQGFDUERQLQVHUWORFDWHGLQWKHQHDUE\DUHD%HVLGHVWKHPHQWLRQHGSUREOHPOHDGVWRWKHGHWHULRUDWLQJRIWKH
SDQWRJUDSKFRDOLQVHUWVILWWRWKHZLUHDQGWKHUHFDQEHWKHIRUPDWLRQRIWKHJURRYHRQJUDSKLWHDQGFRSSHUSODWLQJRI
WKHDGMDFHQW]RQHVDVDUHVXOW
7KHUHLVDJUHDWDPRXQWRILQYHVWLJDWLRQVGHYRWHGWRWKHSDQWRJUDSKFDWHQDU\ZLUHFRQWDFWLQWHUDFWLRQ
)RUH[DPSOHWRPHDVXUHWKHFRQWDFWIRUFHEHWZHHQDSDQWRJUDSKDQGFRQWDFWZLUH,NHGDSURSRVHGWRXVHD
QHZ LQYHUVLRQPHWKRG WKHGLVWLQFW IHDWXUHRIZKLFK LV WR UHGXFH UHVWUDLQWVRQ WKH VHQVRUDUUDQJHPHQW WR IDFLOLWDWH
FRQWDFWIRUFHPHDVXUHPHQW7RDFKLHYHVXIILFLHQWOHYHOVRISUHFLVLRQKLJKRUGHUYLEUDWLRQPRGHVRIWKHSDQKHDGKDYH
WREHWDNHQLQWRFRQVLGHUDWLRQE\DSSO\LQJDSVHXGRLQYHUVHPDWUL[7KHDXWKRUKDVFRQILUPHGWKHDFFXUDF\RIWKLV
PHWKRGE\QXPHULFDOFDOFXODWLRQVDQGDQH[FLWDWLRQWHVWRQDFXUUHQWO\XVHGSDQWRJUDSK
,Q WKHSDSHUE\6HUJHHY  LWZDVFDUULHGRXWDQ LQYHVWLJDWLRQRI WKHYLEUDWLRQDOG\QDPLFVRI WKHGLVFUHWH
FRQWLQXRXV³RYHUKHDGFDWHQDU\±HOHFWULF UROOLQJVWRFNSDQWRJUDSK´V\VWHP%DVHGRQ WKHSHUWXUEDWLRQPHWKRG WKH
SHUIRUPHGDQDO\VLVVKRZHGWKDWWKHPDWKHPDWLFDOGHVFULSWLRQRIWKHQDPHGV\VWHPFRUUHVSRQGVWRWKHZHOOVWXGLHGLQ
WKHOLWHUDWXUH0DWKLHXHTXDWLRQZLWKDSHULRGLFH[WHUQDOLQIOXHQFH7KHDQDO\WLFDOH[SUHVVLRQVGHVFULELQJWKHFDWHQDU\
±SDQWRJUDSKLQWHUDFWLRQZHUHREWDLQHG,WLVVKRZQWKDWWKHXQZDQWHGSDQWRJUDSKVHOIRVFLOODWLQJPRGHVFDQGLVDSSHDU
LQWKHSURFHVVRI(56PRYHPHQWE\WKHUHVXOWRIVHOHFWLQJWKHRSWLPDOFRPELQDWLRQRIWKHSDQWRJUDSKDQGFDWHQDU\
ZLUHSURSHUWLHV
$UQROGDQG6LPHRQKDYHUHFHQWO\VWXGLHGWKHLQWHUDFWLRQRISDQWRJUDSKDQGFDWHQDU\LQKLJKVSHHGWUDLQV
7KH\IRUPXODWHGDVLPSOLILHGPRGHOSUREOHPWKDWUHIOHFWVEDVLFSDUWVRIWKHQRQOLQHDUG\QDPLFVLQWKHWHFKQLFDOV\VWHP
SDQWRJUDSKFDWHQDU\)ROORZLQJWKHPHWKRGRIOLQHVWKHHTXDWLRQVRIPRWLRQDUHVHPLGLVFUHWL]HGLQVSDFHXVLQJILQLWH
GLIIHUHQFHV )RU WLPH GLVFUHWL]DWLRQ W\SLFDO GLIIHUHQWLDODOJHEUDLF HTXDWLRQV WHFKQLTXHV DUH DSSOLHG VXFK DV LQGH[
UHGXFWLRQSURMHFWLRQVWHSVDQGKDQGOLQJRIV\VWHPVZLWKYDU\LQJVWUXFWXUH
5DXWHUSUHVHQWHGDQHZPHWKRGRORJ\WRVWXG\WKHG\QDPLFEHKDYLRURIWKHSDQWRJUDSKDQGRIWKHLQWHUDFWLRQ
SKHQRPHQDLQWKHSDQWRJUDSKFDWHQDU\V\VWHP7KHFDWHQDU\LVGHVFULEHGE\DGHWDLOHGILQLWHHOHPHQWPRGHOZKLOHWKH
SDQWRJUDSKLVGHVFULEHGE\DGHWDLOHGPXOWLERG\PRGHO
7KHZRUNE\0SDQGDHWDOGHPRQVWUDWHVWKHUHVXOWVRIWKHILQLWHHOHPHQWPRGHOLQJRIWKHUPDOHIIHFWVLQWKH
SDQWRJUDSKZLUHFRQWDFWDWKLJKVSHHGWUDLQVPRYHPHQW
2QHRIWKHSUREOHPVDSSHDULQJDWFUHDWLQJRIQHZSDQWRJUDSKVGHVLJQVLVDVVRFLDWHGZLWKWKHJHRPHWULFSDUDPHWHUV
VHOHFWLRQIRU WKHPLQLPXPZHDURI WKHFRDO LQVHUWLRQDQGWKHFDWHQDU\ZLUH%XFFDGHVFULEHGH[SHULPHQWDO
UHVXOWVRIZHDUUDWHGHILQLQJLQWKHFRQWDFWEHWZHHQWKHFDWHQDU\ZLUHDQGWKHSDQWRJUDSK+LVSDSHUGHPRQVWUDWHVWKH
DQDO\]LQJ WHFKQLTXH LQFOXGLQJZHDU DQDO\VLV RI WKHZLUH DW WKH G\QDPLF LQWHUDFWLRQ EHWZHHQ WKH SDQWRJUDSK DQG
FDWHQDU\ZLUH7KHSURSRVHGPHWKRGZDVDSSOLHGWRVROYHWZRSUREOHPV7KHILUVWSUREOHPZDVWRFRPSDUHWKHZHDU
RI WKHFRQWDFWZLUHIRUSDQWRJUDSKVWULSVPDGHRI WKHFRSSHUDQGJUDSKLWH7KHVHFRQGVROYHGSUREOHPDOORZHGWR
SUHGLFWZLUHZHDUE\YDULDWLRQRIFDWHQDU\ZLUHPHFKDQLFDOWHQVLRQ
+RZHYHULQWKHOLWHUDWXUHWKHUHZDVIRXQGQRLQIRUPDWLRQFRQFHUQLQJVWUHVVVWUDLQVWDWHGHWHUPLQDWLRQIRUWKHFRDO
LQVHUWDWWUDLQPRYHPHQW
7KH SUHVHQWHGZRUN GHPRQVWUDWHV VRPH LQYHVWLJDWLRQ UHVXOWV GHYRWHG WR WKH LPSURYHPHQW RI WKH SDQWRJUDSK ±
FDWHQDU\ZLUHFRQWDFWPHFKDQLFDOFKDUDFWHULVWLFV
$OJRULWKPRIWKHSDQWRJUDSKGLPHQVLRQVVHOHFWLRQ
7KHFDUULHGRXWDQDO\VLVVKRZVWKDWLWLVQHFHVVDU\WRVROYHDQXPEHURISUREOHPVRQNLQHPDWLFVDQGG\QDPLFVRI
PHFKDQLVPVWRFUHDWHQHZSDQWRJUDSKFRQILJXUDWLRQV7KHILUVWSUREOHPWRVROYHLVWRFKRRVHWKHVWUXFWXUHGLPHQVLRQV
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SURYLGLQJDPLQLPDOGHYLDWLRQIURPWKHYHUWLFDORIWKHFDUULDJHZLWKFDUERQLQVHUWV2QHRIWKHDQDO\WLFDOVROXWLRQVRI
WKLV SUREOHP LV EDVHG RQ WKH FRRUGLQDWHPHWKRG7KHPHWKRG LV WRZULWH WKH HTXDWLRQV IRU WKHPHFKDQLVPSRLQWV
FRRUGLQDWHVDQGXQLWVURWDWLRQDODQJOHVGHSHQGLQJRQWLPH,QWKLVFDVHWKHFDOFXODWLRQVVKRXOGEHVWDUWHGIURPWKH
JLYHQPRWLRQODZRIDQ\XQLW
)RUWKHVKRZQDW)LJPHFKDQLVPWKHURGACFDQEHWDNHQDVVXFKXQLW7KLVURGKDVDFRQWDFWZLWKWKHVSULQJ
VXSSRUWLQJ WKH UHTXLUHG SUHVVLQJ RI SDQWRJUDSK RQ WKH HOHFWULF FRQWDFW ZLUHV 2Q WKH EDVH RI xDĮ DQG yDĮ
GHSHQGHQFHVWKHGLPHQVLRQVRIPHFKDQLVPXQLWVDUHGHWHUPLQHGLQRUGHUWRHQVXUHWKHPLQLPDOGHYLDWLRQRISRLQWD
IURPWKHYHUWLFDOIRUWKHZKROHUDQJHRIĮYDOXHV
7RSURYLGHJRRGG\QDPLFSURSHUWLHVIRU WKHSDQWRJUDSKFDWHQDU\ZLUH LQWHUDFWLRQWKHLQFOLQDWLRQDQJOHșRI WKH
WUDMHFWRU\ WDQJHQW WR WKHKRUL]RQVKRXOGQRW WDNHVPDOOYDOXHV$FFRUGLQJ WR WKLVFRQGLWLRQ WKHPD[LPDODOORZDEOH
YDOXHRIWKHSDQWRJUDSKKHLJKWLVGHWHUPLQHG


)LJ7KHFRPSXWDWLRQDOVFKHPHRIWKHKDOISDQWRJUDSK
7RSHUIRUPFDOFXODWLRQVVXFKV\VWHPVDV0DWK&$'FDQEHXVHGDVDWRRO7KHHTXDWLRQVIRUWKHSRLQWDFRRUGLQDWHV
DUHWKHLPSOLFLWIXQFWLRQVRIWKHĮDQJOHVRLWLVDGYLVDEOHWRPDNHFDOFXODWLRQVLQWKHQXPHULFDOIRUP,QWKLVFDVH
WKHșDQJOHFDQEHHDVLO\GHILQHGE\WKHDSSUR[LPDWHIRUPXOD

șWJ


DDD
DDD
xx
yy
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'
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'
'   
ZKHUH'y'x±LQFUHPHQWRIyDQGxFRRUGLQDWHVFRUUHVSRQGLQJVPDOOFKDQJH'ĮRIDQJOHĮ
7KHVHFRQGSDUWRIWKHSDQWRJUDSKFDOFXODWLRQVLVFRQQHFWHGZLWKWKHMĮGHSHQGHQFHGHILQLWLRQLQWKHZKROH
ZRUNLQJUDQJHRIĮYDOXHV$WWKHVDPHWLPHWKHDSSOLHGWRSRLQWAPRPHQWMVKRXOGHQVXUHWKHFRQVWDQWYDOXHRI
WKHSUHVVLQJIRUFHEHWZHHQWKHSDQWRJUDSKDQGWKHFDWHQDU\ZLUH,QWKLVFDVHWKHPHWKRGRIYLUWXDOGLVSODFHPHQWVLV
PRUHSUHIHUDEOHDVDVROXWLRQPHWKRG)RUWKHFRQVLGHUHGSUREOHPWKHJUDYLW\IRUFHVRISDQWRJUDSKXQLWVDQGSUHVVLQJ
IRUFHRIWKHFDUULDJHRQWKHZLUHDUHWKHDFWLYHIRUFHV$VWKHFDUULDJHJUDYLW\IRUFHDQGWKHZLUHSUHVVLQJIRUFHKDYH
WKHVDPHGLUHFWLRQWKHVXPRIPHQWLRQHGIRUFHVLVQDPHGDVGk7KHDFWLYHIRUFHVSURMHFWLRQVRQWKHKRUL]RQWDOD[LV
DUHHTXDOWR]HURVRWKHZRUNGARIWKHVHIRUFHVRQWKHYLUWXDOGLVSODFHPHQWFDQEHGHWHUPLQHGE\WKHIROORZLQJZD\
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yGA GG    
ZKHUHGy LVYLUWXDOGLVSODFHPHQWRIFHQWHURIJUDYLW\
,QWKLVFDVHWKHHDUOLHUREWDLQHGUHODWLRQWKHFDOFXODWLRQHTXDWLRQWDNHWKHIRUPRI
  DDDG yyGA '|   
&RQVLGHULQJWKHZRUN RIWKH PRPHQWMDSSOLHGWRURGACWKHHTXDWLRQIRUWKH/DJUDQJHSULQFLSOHRIYLUWXDOZRUN
WDNHVWKHIROORZLQJIRUP
¦¦  ''|   DDDDG MyyGA iiii  
6RWKHZRUNLQJUHODWLRQVKLSIRUWKHEDODQFLQJPRPHQWLV
D
DDD
'
'
 ¦   iii yyGM   
7KHIRUFHVLQWKHUHYROXWHMRLQWVFDQEHGHWHUPLQHGE\FRQVLGHULQJWKHV\VWHPDVDZKROHDQGLWVVHSDUDWHXQLWV)RU
H[DPSOHLIZHZULWHWKHHTXDWLRQRIPRPHQWVUHODWLYHWRWKHSRLQWOIRUWKHZKROHV\VWHPDQGWKHHTXDWLRQRIPRPHQWV
UHODWLYHWRWKHSRLQWCWRWKHURGACZH¶OOREWDLQDV\VWHPRIHTXDWLRQVIRUWKHSRLQWAUHDFWLRQIRUFHGHWHUPLQDWLRQ
7KHQWKHSRLQWCUHDFWLRQIRUFHFDQEHFDOFXODWHGIURPWKHHTXDWLRQVRIIRUFHSURMHFWLRQVIRU WKHAC URGSRLQWO
UHDFWLRQIRUFH±IURPWKHIRUFHSURMHFWLRQVHTXDWLRQWKHZKROHV\VWHPDQGILQDOO\WKHUHDFWLRQDWWKHSRLQWBFDQEH
IRXQGIURPWKHSURMHFWLRQVHTXDWLRQVIRUWKHSDUWOB
7KHSHUIRUPHGDQDO\VLVGHPRQVWUDWHV WKDW IRUFHV WDNHV WKHPD[LPDOYDOXHV LI WKHĮYDOXH LVPD[LPDORUDW WKH
ORZHVWZRUNLQJSRVLWLRQRIWKHSDQWRJUDSK6KLPDQRYVN\
7KH GLPHQVLRQV RI WKH SDQWRJUDSK FRQVWUXFWLRQ FDQ EH SUHOLPLQDU\ FKRVHQ RQ WKH EDVLV RI WKH PHQWLRQHG
FDOFXODWLRQVDFFRUGLQJWRWKHVWUHQJWKFRQGLWLRQ+RZHYHUWKLVFDOFXODWLRQVKRXOGQRWEHILQLVKHGDVLWLVQHFHVVDU\WR
DQDO\]HWKHSRVVLELOLW\RIPRYDEOHIUDPHWRHQWHUUHVRQDQFHDWWKHLQWHUDFWLRQZLWKWKHFDWHQDU\ZLUH7HFKQLTXHVIRU
VXFKDQDO\VLVDUHGHVFULEHGIRUH[DPSOHE\5DXWHUDQG6HUJHHY
'\QDPLFDQDO\VLVRIWKHSDQWRJUDSKFDWHQDU\ZLUHLQWHUDFWLRQ
0RGHOLQJ LQ06&$'$06VRIWZDUH LVRQHRI WKHPHWKRGIRU WKHG\QDPLF IRUFHVGHWHUPLQDWLRQ LQ WKHFRQWDFW
EHWZHHQWKHSDQWRJUDSKDQGWKHFDWHQDU\ZLUHIRUWKHZRUNLQJSRVLWLRQRUWKHSDQWRJUDSK7KHODWHVWYHUVLRQVRIWKH
PHQWLRQHGVRIWZDUHDOORZWRPDNHRSHUDWLRQVZLWKIOH[LEOHFRQQHFWLRQV
7KHVDPSOHRIWKHFUHDWHGOLJKWSDQWRJUDSKPRGHOLVGHPRQVWUDWHGDW)LJDQG$VWKHLQLWLDOGDWDIRUPRGHO
FUHDWLRQ WKHUHZHUHXVHG WKH VSHFLILHGPHFKDQLVPFKDUDFWHULVWLFV DQGGHSHQGHQFHRIPRPHQW RQĮ DQJOH ,WZDV
DVVXPHGWKDWWKHDYHUDJHQHFHVVDU\SUHVVLQJIRUFHRQWKHFDWHQDU\ZLUHLV1
$FFRUGLQJWRWKHFRPSXWDWLRQDOUHVXOWV)LJWKHLQVWDQWDQHRXVLQFUHDVHRIWKHFRQWDFWIRUFHVXSWR1LV
REVHUYHGRQO\GXULQJWKHVKRUWSHULRGRIWLPHDIWHUWKHLQLWLDOFRQWDFWEHWZHHQWKHSDQWRJUDSKDQGWKHFDWHQDU\ZLUH
/DWHURQWKHFRQWDFWIRUFHLVWDNHVDOPRVWWKHFRQVWDQWYDOXHRI17KHLQVLJQLILFDQWFKDQJHVRQWKHJUDSK)LJ
FDQEHH[SODLQHGE\WKHSHFXOLDULWLHVRIWKHIOH[LEOHFRQQHFWLRQVPRGHOLQJLQWKH06&$'$06VRIWZDUH
7KHFRPSXWDWLRQDOUHVXOWVZHUHWDNHQDVDEDVLVIRUWKHFDOFXODWLRQVRIWKHIRUFHVRVFLOODWLRQVDPSOLWXGHVLQWKH
UXQQHUZLUHLQWHUDFWLRQDUHDDQGGHWHUPLQHGWKHILQDOGHFLVLRQDERXWWKHQHFHVVLW\RIXQLWVPDVVFRUUHFWLRQDQGVSHFLDO
GDPSHUVLQVWDOODWLRQ
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 
 )LJ3DQWRJUDSKG\QDPLFPRGHO )LJ7KHDUHDRIWKHSDQWRJUDSKZLUHLQWHUDFWLRQ


)LJ7KHUHVXOWVRIFRQWDFWIRUFHVFDOFXODWLRQ
&UHDWLRQRIILQLWHHOHPHQWPRGHOIRUWKHSDQWRJUDSKFDWHQDU\ZLUHFRQWDFW
7R DQDO\]H WKH VWUHVVVWUDLQ VWDWH RI WKH FRDO LQVHUW LWZDV SHUIRUPHG WKH VLPXODWLRQ RI WKHZLUHLQVHUW FRQWDFW
LQWHUDFWLRQXQGHUWKH1SUHVVLQJIRUFHDFWLRQIRUKLJKSHUIRUPDQFHSDQWRJUDSK$VDPHWKRGRIFRQWDFWSUREOHP
VROXWLRQLWZDVXVHGWKHWHFKQLTXHGHVFULEHGLQSDSHU.X]LRPNLQD
7KHILQLWHHOHPHQWPRGHOZDVFUHDWHGXVLQJ$16<6VRIWZDUH7KHFUHDWHGPRGHOLQFOXGHGSDUWVRIZLUHFRDO
LQVHUWDQGVWHHOOLQLQJ$VWKHPDLQSXUSRVHZDVWRDQDO\]HVWUHVVHVLQWKHJUDSKLWHLQVHUWWKHFDWHQDU\ZLUHPRGHO
ZDVVLPSOLILHGDQGKDGDFLUFXODUFURVVVHFWLRQ7KHZLUHUDGLXVZDVHTXDOWRFPWKHOHQJWKRIWKHDQDO\]HG
ZLUHVHFWLRQZDVWDNHQDVFP7KHPRGHORIFRDOLQVHUWZLWKOLQLQJFRQVLVWHGRIWZRUHFWDQJXODUSDUDOOHOHSLSHG
RIWKHIROORZLQJVL]HVuuFPDQGuuFP7RDFKLHYHWKHUHTXLUHGDFFXUDF\RIWKHFDOFXODWLRQV
WKHFRQWDFWDUHDZDVPHVKHGLQWRVPDOOILQLWHHOHPHQWVVRWKHVLPXODWLRQVWRRND ORQJWLPH7KDW LVZK\LWZDV
FUHDWHGWKHKDOIPRGHORIUHDOFRQVWUXFWLRQGXHWRWKHV\PPHWU\RIWKHFRQVWUXFWLRQ
,QRUGHUWRFUHDWHDGHWDLOHGILQLWHHOHPHQWPHVKLQWKHZLUHOLQLQJFRQWDFWLWZDVPDGHDQDGGLWLRQDOFXWRIWKHZLUH
DQG OLQLQJ E\ WKH SODQH ORFDWHG DW D GLVWDQFH RI PP IURP WKH V\PPHWU\ SODQH7R FRQVLGHUZLUH VOLGLQJXQGHU
ORQJLWXGLQDOIRUFHDFWLRQWKHZLUHZDVFXWLQWRSDUWVVRWKDWWKHFHQWUDOSDUWZDVZLGHUWKHQWKHJUDSKLWHLQVHUW)LQDO
JHRPHWULFPRGHOLVVKRZQLQ)LJ
7KHUHZHUHFRQVLGHUHGWKHIROORZLQJPRGHOFKDUDFWHULVWLFVZLUHPDGHRIFRSSHU<RXQJ¶VPRGXOXVLVȿ 
3D3RLVVRQ¶VUDWLRLVQ FRDOLQVHUWZLWKD<RXQJ¶VPRGXOXVRIȿ 3DQ OLQLQJPDWHULDOKDVD
<RXQJ¶VPRGXOXVRIȿ 3DQ 
$OVRLWZDVFUHDWHGDFRQWDFWSDLULQFOXGLQJDWDUJHWVXUIDFH±WKHORZHUSDUWRIWKHZLUHDQGWKHFRQWDFWVXUIDFH±
WKHFRDOLQVHUW,QWKHFRQWDFWDUHDWKHVL]HRIILQLWHHOHPHQWHGJHZDVWDNHQDVPLFURQV,QWKHFRQWDFWDUHDWKHILQLWH
HOHPHQWULEVL]HZDVDVVXPHGWREHFP
7RFUHDWHILQLWHHOHPHQWPHVKWKHUHZHUHXVHGVXFKHOHPHQWVDV62/,'7$5*(&217$$VDUHVXOW
LWZDVUHFHLYHGWKHILQLWHHOHPHQWPRGHOVKRZQLQ)LJ7KHWRWDOQXPEHURIPRGHOHOHPHQWVZDVHTXDOWR
289 Alexandr Shimanovsky et al. /  Procedia Engineering  134 ( 2016 )  284 – 290 
%\WKHHQGSRLQWVRIWKHZLUHVLWZDVDWWDFKHGWKHORQJLWXGLQDOIRUFHRI1LWLVHTXDOWRKDOIRIWKHZLUHWHQVLRQ
IRUFH%HVLGHVYHUWLFDOIRUFHVRI1ZHUHDSSOLHGWRWKHNH\HQGSRLQWVRIWKHZLUH7KHVHIRUFHVFRUUHVSRQGWRWKH
LQWHUDFWLRQIRUFHVEHWZHHQWKHSDQWRJUDSKDQGDFRQWDFWZLUH

 
 )LJ*HRPHWULFPRGHO )LJ)LQLWHHOHPHQWPHVKLQWKHFRQWDFWDUHD
$VWKHNLQHPDWLFERXQGDU\FRQGLWLRQVWKHQRGLVSODFHPHQWFRQGLWLRQIRUWKHOLQLQJERWWRPHGJHZDVXVHGDVZHOO
DVWKHQRGLVSODFHPHQWFRQGLWLRQIRUWKHGLVWDQWZLUHVHFWLRQLQWKHGLUHFWLRQDORQJWKHZLUHD[LV
5HVXOWVRIVWUHVVVWUDLQVWDWHDQDO\VLV
7KHODUJHQXPEHURIPRGHOHOHPHQWVDQGSRRUVROXWLRQFRQYHUJHQFHIRUWKHFRQWDFWSUREOHPERWKOHGWRWKHIDFW
WKDWWKHGXUDWLRQRIVLQJOHFRPSXWDWLRQRQDFRPSXWHURI*%5$0DQGSHUIRUPDQFHLQGH[ZDVDERXWKRXUV
7KHREWDLQHGFRPSXWDWLRQDOUHVXOWVLQFOXGHGLVWULEXWLRQRIVWUHVVHVDQGGHIRUPDWLRQVLQWKHZLUHDQGOLQLQJ
)LJVKRZVWKDWPD[LPDOHTXLYDOHQWVWUHVVHVDSSHDULQWKHZLUHDQGWDNHWKHYDOXHVFORVHWR03D$WWKHVDPH
WLPHWKHPD[LPDOVWUHVVHVLQWKHOLQLQJ)LJDSSHDULQLWVFRUQHUHGJHVDQGDUHHTXDOWR03D7KXVWKHJUDSKLWH
FKLSSLQJPD\EHSRVVLEOH LI WKHUHDUHXQURXQGHGHGJHV7RDYRLG WKLVSKHQRPHQRQ LW LVDGYLVDEOH WRURXQG OLQLQJ
FRUQHUHGJHV
7KHREWDLQHGUHVXOWVVKRZHGDGHFUHDVHRIWKHLQVHUWZLUHFRQWDFWDUHDZLGWKDWWKHLQFUHDVHRIWKHGLVWDQFHIURP
WKHHGJHWRXFKLQJWKHZLUH,WLVREVHUYHGJDSEHWZHHQWKHLQVHUWDQJXODUHGJHDQGWKHZLUH


)LJ(TXLYDOHQWVWUHVVHV3DLQWKHZLUHDQGOLQLQJ
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)LJ6WUHVVHV3DLQWKHLQVHUWɚDYLHZIURPWKHV\PPHWU\SODQHEGLVWULEXWLRQRYHUWKHPRVWORDGHGFURVVVHFWLRQ
&RQFOXVLRQV
7KHSDSHUSUHVHQWVDPHWKRGRIWKHFRQWDFWSDLUVFDOFXODWLQJDWWKHSDQWRJUDSK±FDWHQDU\ZLUHLPSDFWXVLQJ
06&$'$06HQJLQHHULQJVRIWZDUH
7KHUHZDVGHYHORSHG WKHPRGHORI WKHSDQWRJUDSKZRUNLQJSURFHVV7KHSHUIRUPHGIRU WKHILQLWHHOHPHQW
PRGHODQDO\VLVDOORZHGWRHVWLPDWHWKHYDOXHVRIVWUHVVHVLQWKHJUDSKLWHLQVHUWDWLWVVOLGLQJDORQJWKHZLUH
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